ABSTRACT. An investigation of the effect of 15 environmental factors on ash, crude fibre, lipids, protein and carbohydrate content of Enteromorpha intestinalis (green), Sargassum salicifolium (brown) and Gelidium latifolium (red) revealed that these chemical constituents were influenced by several environmental factors. On the other hand, the effect of these environmental factors was species -specific.
Introduction
Several factors undoubtedly playa part in the causation of the fluctuation in the chemical composition of marine algae. According to Macpherson and Young (1952) the fundamental one is the metabolic activity but this is probably controlled by the temperature of the surrounding water, the concentration of essential nutrients and the intensity of light.
In the search of the reasons for fluctuations in composition of marine algae, numerous authors (El-Naggar 1980 , Whyte and Englar 1980 , Gorham and Lewey 1984 , Rosell and Srivastava 1985 , Zavednik 1987 and Sway eta/., 1991 , studied the effect of.seasons of the year on the chemical composition. However, few attempts (Fadeel'eta/., 1981 , Ramus 1983 , Duke eta/., 1986 and Pettitt et a/., 1989 have been made to correlate other environmental factors with the chemical constitueQts of marine algae. At the same time, these studies have been confined to a limited number of the environmental factors.
Results

Environmental Factors
The range and average of water temperature, pH, total soluble salts, total alkalinity, organic carbon, sulphate, silicate, inorganic phosphorus, nitrate, nitrite, ammonia and elements (Na, K, Ca and Mg) are tabulated in Table 1 . Seasonal variations are shown in Fig. 1-3 .
Water Temperature
Fluctuation in values of water temperature showed clear seasonality (Fig. la) . The water temperature ranged between 14.0°C and 29.5°C. The highest value was measured in summer and the lowest in winter.
pH During the period of investigation, the pH values of seawater were more or less within the alkaline range (Table 1) . From Fig. (1b) , it is apparent that highest value of pH (8.73) was recorded in autumn and the lowest (7.60) in summer.
Total Soluble Salts (analysed according to Jackson 1962) Total soluble salts ranged/between 35.52 and 4.2.00 g/l, with remarkable seasonal variations. The highest concentration was recorded in summer and the lowest in winter (Fig. 1c) .
Total Alkalinity
Values fluctuated within a wide range (0.27-0.60 mg/l) with an average of 0.38 mg/ I. The highest concentration was recorded in spring while the lowest was obtained in autumn (Fig. Id) .
Organic Carbon (Piper, 1947) Organic carbon content also showed a clear seasonal trend with high value (1.11 g/ I) in autumn and low value (0.06 g/1) in spring (Fig. 2a) 
Sulphate
From Table 1 , it is apparent that amount of sulphate in seawater at Abu air locality did not differ greatly throughout the period of investigation. The difference between the maximum and the minimum was 1.87 g/l. The maximum value was recorded in summer while the minimum was obtained in spring ( Fig. 2 b) .
Silicate
Variations in silicate were large (Table 1 and Fig. 2c ). The concentrations of silicate ranged from 8.23 1J-g/1 in spring to 28.80 IJ-g/1 in autumn. Inorganic Phosphorus
As indicated in Table 1 , the inorganic phosphorus of seawater fluctuated within a wide range with an average of21.10 1Lg/1. Values showed a noticeable seasonal trend. The lowest value was recorded in summer and the highest in winter (Fig. 2d ).
Inorganic Nitrogen (nitrate -N, nitrite -N and ammonia -N) From the results obtained for inorganic nitrogen, we find that throughout the period of investigation, the pattern of changes in inorganic nitrogen was greatly different (Fig. 3a&b ).
As indicated in Fig. 3a , a lower range of fluctuations was recorded in nitrate-N (analysed according to Golterman 1969) levels. The range of values was from 0.126 mg/l in autumn to 0.2071Ji1 in winter.
In contrast, ammonia-N (Solorzono 1969) and nitrite,.N (Barnes and Folkard 1951) in seawater showed remarkable se-asonal variations (Fig. 3a&b) . The range in values for ammonia-N was 0.037 to 1.262 mg/i. The maximum occurred in autumn and the minimum in spring. On the other hand, the maximum value of nitrite-N was 0.390 mg/l in winter while the minimum was 0.76 mg/l in summer.
Further examination of the results (Table 1 & Fig. 3a&b ) clearly shows that surface seawater at Abu-Qir was found to have considerably higher values of nitrite-N and ammonia-N especially throughout autumn and winter. This abnormal trend might be due to disposal of effluents into the sea. This locality receives considerable amounts of untreated effluents rich in organic matter.
Elements (Na, K, Ca & Mg)
Concentrations of sodium, potassium, calcium and magnesium in seawater were characterized by large seasonal variations (Fig. 3c-e) .
Concentrations of Na and Mg showed similar fluctuations during the period of study. The highest concentrations were analysed in autumn and the lowest in spring (Fig.3d&e) .
Further consideration of Fig. 3( d&e) revealed that pattern of changes in K was, in general, similar to that of Ca. The highest values were recorded in spring while the lowest were obtained in winter.
Chemical Constituents
The range and average of ash, total lipids, crude fibre, protein and carbohydrate levels of Enteromorpha intestinalis, Gelidium latifolium and Sargassum salicifolium are shown in Table 2 . During the period of investigation, the amount of ash in the investigated algae varied sometimes slightly and sometimes considerably. The limits of variation in G. latifolium were 12.50 and 18.60%, in S. salicifolium 18.20 and 30.41 % and in E. intestinalis 20.20 and 56.17%.
Pattern of changes (Fig. 4a) in ash content of G. latifolium was essentially similar to that of S. salicifolium. In both algae, the amounts of ash were at maxima in summer and at minima in autumn. On the other hand, ash content of E. intestinalis showed a maximum in winter and a minimum in spring (Fig. 4a) .
Crude Fibre
Throughout the whole period of investigation, the crude fibre content of G. latifolium was consistently higher than that of E. intestinalis and S. salicifolium (Table 2 & Fig, 4b) . 18.20 -30.41 3.11 -9.40 0.36 -2.90 3.66 -8.65 6. 74-10.89 .. The results also show that the lowest amounts of ash in G. latifolium and S. salicifolium were recorded when the maximum values of chlorides, organic carbon, silicate, ammonia, magnesium and sodium were determined. This would suggest that the high amounts of these factors may affect the ash content of the above two algae.
The data presented in this study show that the seasonal changes in crude fibre content of S. salicifolium and G. latifolium closely followed the same as those found for water temperature and total soluble salts, with high values in summer and low in winter. On the other hand, the crude fibre content of the above mentioned algae was also reversible to inorganic phosphorus and nitrite content of seawater.
As seen from the results, no direct relation could be deduced between the variations in the environmental factors and the crude fibre content of E. intestinalis.
The results further show that maximum amount of crude fibre of all algae was measured in summer concurrently with the maximum values of water temperature, sulphate and total soluble salts. This does not necessarily mean that the increase in content of the crude fibre is directly proportional to these factors. However, a similar result has been presented by EI-Naggar (1980) who found that maximum content of crude fibre in VIva rigida also accompanied the maximum content of total soluble salts and sulphate of seawater.
In the present work, it was noted that lipid content of G. latifolium varies inversely compared with water temperature and total soluble salts. On the other hand, Gelidium showed an exact parallelism between crude fibre content and concentration of inorganic phosphorus and nitrite of seawater.
Lipid content of E. intestinalis and S. salicifolium generally showed a close inverse relation with pH. Also, the data revealed that minimum amount of lipid in E. intestinalis and S. salicifolium was accompanied with the maxima of chloride, organic carbon, silicate, ammonia, magnesium and sodium.
On studying the effect of environmental factors on the protein content, it was found that fluctuation of protein content in E. intestinalis was reversible to water temperature and total soluble salts trends. Also, protein content of this alga proceeds parallel to inorganic phosphorus and nitrite content of seawater.
In G. latifolium, the protein content was reversible to pH value. Maximum and minimum of protein coincide exactly with minimum and maximum respectively for pH.
S. salicifolium shows an exact parallelism between protein content and nitrite content of seawater. Maximum and minimum of protein content coincided exactly with maximum and minimum for the nitrate content. In several other studies, the seasonal variations in protein-bound amino acids of brown algae paralleled those reported for seawater nitrate (Wheeler and Srivastava 1984 , Wheeler et al., 1984 and Rosell and Srivastava 1985 . On the other hand, protein content of S. salicifolium was reversible to potassium content of seawater.
